Na(+)/H(+) exchanger inhibitor induces vasorelaxation through nitric oxide production in endothelial cells via intracellular acidification-associated Ca2(+) mobilization.
The objective of this study was to determine the mechanism by which Na(+)/H(+) exchanger (NHE) inhibitors induce vasodilatation. The NHE inhibitors, 5-(N,N-dimethyl)-amiloride (DMA), cariporide, and amiloride, evoked endothelium-dependent relaxation in rat aortas with ED50 values of 16, 89, and 148μM, respectively, and these effects were abolished by treatment with N(G)-nitro-l-arginine methyl ester (L-NAME). The relaxation effects induced by DMA and cariporide were strongly attenuated in aortas of the endothelial NO synthase (eNOS)-deficient mice, as compared to the effects in wild-type mice. The DMA-induced relaxation in rat aorta was attenuated by a calmodulin (CaM) inhibitor, calmidazolium, and a soluble guanylyl cyclase inhibitor, [1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one, but was not affected by a phosphoinositide 3-kinase inhibitor, wortmannin. Immunoblots for endothelial eNOS on immunoprecipitated CaM complexes showed that DMA enhanced the association of eNOS with CaM in rat aortas. Both DMA and cariporide induced the reduction of intracellular pH (pHi) in bovine aortic endothelial cells (BAECs), which was accompanied by a sustained elevation of cytosolic Ca(2+) ([Ca(2+)]i). This DMA-induced rise of [Ca(2+)]i was not affected by removing external Ca(2+) from the buffer, but was abolished in thapsigargin-pretreated BAECs. These results suggest that lowering of pHi by NHE inhibitors in endothelial cells induces the mobilization of Ca(2+) from the thapsigargin-sensitive stores of endoplasmic reticulum, which in turn stimulates NO production via the CaM-dependent activation of eNOS.